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TECHNICAL NOTE No. 1046

PRELIMINARY WINDbTUNNEL INVESTIGATION AT LOW
SPEED OF STABILITY AND CONTROL CHARACTER—
ISTICS OF SWEPT BACK WINGS

By'William Letko and Alex Goodman

SUIvf!&A‘RY _' L

Tests were conducted on untapered constant span'”

-winge-of'oo 309, 45°, and 60° .sweepback. The purpose

of these 'tests was to investigate the effect of sweepback
on stability and control characteristics T -
Thé data. showed large changes in 1ongitudinal sta—'
bility at moderate 1ift. coeffieients for the L50 and 60°
swept-back wings. The lateral stability, the slope of
the 1ift curve, and the effectiveness of ths .aileron and
the split'flap at small angles.-of attack varied with.
angle of. eweepback .ahout as. mmich ras would bé expected
from simpie theoretical ‘considerations. Spoilers -wére
much légss, effective than would be indlcated by simple
theory

. -a L . B . - _— EPR - g ._;*7 "_f -

all the swept Wings with. flans neutral reached a’
maximm value’ of sbout 20° effective dihedral” at ‘some: .
1lif¢ coefficient., Drooping the winj tips decreesed the .
slope of rplling—mcment curve plotted against angle of ,,;
yaw, Because thereductien. iricreased with- incréase Ln '
1ift d¢oefficiént, drodéping the tips appeared’ to bé a ~
promising means of reducing the unfavorable lateralcsta—
bility character;stics of - W1ngs Wiﬁh 1arge sweepback s

‘Th% ai%erdns were capable ef trimming out "Ehe rolling )
moment, caused’by only small englt&s of s;des}ip Tor the"ﬂa
highly swept ~back wings. . The srall" dHatfge “in pitching
moment caused by aileron deflection indicated that wing-
tip elevators having swept-back hinge lines would be
relatively ineffective on highly swept-back wings.

The maximum 1ift with flaps neutral remained sbout
the same for all angles of sweepback. The increment of
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maximum 1ift caunsed by the split flap deflectlion decreased
witlk angle of sweepback to approximately 0 for the
60° swept-back wing -

INTRODUCTION

Much interest has been shown in the possibility of
using wings with large amounts. of sweepback for high-
speed missiles and alrcraft. Analyses presented in refer-
ences 1 and 2 show that the 1lift on a swept-back wing
deper.ds primarily on the component of velocity normal to
the wing leading edge. Reference 3 shows that this compo-
nent of velocity also i1s a most important factor in deter~
mining compressibllity effects and points out that, from
consideration of compressibllity, the critical flight Mach
number of & swept-back wing should be higher than that of
an unswept wing. 1In order to minimlze the adverse effects
of compressibility at high Mach numbers, the angle of
sweep should be guch that the component of veloclty normal
to the leading edge does not exceed that corresponding to
the critical Mach number of- the airfoil sectlons.

Since very 1ittle data are available on wings having
angles of sweep greater than 500 tests of an exploratory
nature were made of wings having ansles of sweepback :
of 0°, 30°, 59, and 60 Theae tests were made in the
6—tur6 foot test section of the Langley stability tunnel,
to investigate at low speeds the stabllity and control
characteristics .of swept-back wings. The effect of
sweepback on the effectiveness of an, aileron, a split
flap, -and a spoller was investigeted for each sweepback
angle tested. . The effect of a drooped tip was investi-
gated for .the A5Q swept-back wing, and the effect of -
increased aSpect ratio was investigated for the O and
L45° swept-back wings. _ -

Although these tests were made at low alrspeeds, the
data are -also of. importance in application’to transonic
speed because, as pointed out’ in reference Z, if the
wings are designed with proper sweep, the wing will have
the. same characteristlcs as at subcritical speed.
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(SYMEBOLS

The data are referred to.:the stability axes, which,
are a system of axes having their origlin at the quarter
chord of the mean aerodynamic chord and in which the .
7Z-axis 1s in the plane of symmetry and perpendicular to
the relative wind, the X-axis is in the .plane of symmetry
and perpendicular to the Z-axls, and the Y-axls is perpen-
dicular to the plane of symmetry. ALl mopments are glven
about the quarter chord of the mean aerodynamic chord.

c 1ift coefficient [-2)
L . . L qS

-~

CLm meximum 1ift coefficient - - ¢ B
a8x : K s i . - L

Cx : longitudinal-force coefficient i(é%)
Cy lateral-forece .coefficient <:%)
R P q
. Lt
Cy rolling-moment coefficient f ———
. qsh
Cp . ' pitching-moment coefficient S
: : q&c
Cp &awing;momcnt coefficient’ . BN i
L. <« 1ift _;f;i.;

P
flongituéinal forca- '

i lateral force _“"-' SR -
i

L Tolling moment abo ut X-—a.xis" ;

M ‘pitching moment about Y;axis_

yawing moment about Z axis
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dynamic pressure '<%pvé)
mass density of ailr - : .

free-stream veloclty - fi - -

'chord of wing, measured parallel tb axis of =

symmetry . - .. . . .. . R S Sl
- mean geometric chord .of wing, megsured parallel .y e g
' i A /2
to axis of symmetry 3 c2 db
R - o i o . o

span of -wing, measured nerpendicular to axis of . -
symmstry'“\\

dlstance from leading edge of root chord to the \
quarter _chord of the mean geometric chord . »
R s .
rb/Z’
\cx db

JO’ /

dlstance ‘of the ~quarter-chord point of any chord- )
wisleSéction from‘the leading edge of root N
section

I

slope of the.curve of 1ift coefficlent plotted o
&gainsﬁ éngle &6f attack "7

slape of the curve of rolling-moment. coefficient
plotted against angle of yaw

slope of the curve of yaw1hg-momen% coefficlent
plotted against angle of yaw

slope of the curve of. rolling—moment—noeffic1ent
plotted against aileron’ angle Id

e —— R

angle oﬂ_attack—-measured in plane of symmetry,
degrees o

4
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Voo angle of yaw, positive when right wing is back,
degrees R '

A angle of.sweepback degrees -

bg aileron deflection measured in & plane perpen-
dicular to 1eading edge degrees

Br flap deflection, measured in a plane perpendicular
to leading edge, degrees

A ©  aspect ratio _(ba/S)

Ee effectlive edge-veloclity correction factor for

1ift (reference l)

E'y effective edge~veloclity correction factor for
roliing moment (reference )

n aspect-ratio correetion factor,for 1ift

. A .
< AI j
E@mk%Am

n' ' aepect—fatio correction factoréror rolling moment

A
GE'GA * L*)o

S S : L
\E'el *+ Ly h=0 L

where subscript O refers to unswept wings having the
same .wing-panel shape as the swept-back wings, and- the.
subscript A = 0 refers to the wing tested with zero
sweepback. o ‘ : T

APPARATUS AND MODELS

The present tests were conducted in the 6- by 6-foot
test sectlon of the Langley stability tunnel.
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The model consisted of two rectangular wings of the
NACA 23012 airfoll section. The wings were first cut to
obtuin &n angle of 60° sweepback and then were fastened
together with steel brackets. The model was cut suc-
cessively to obtaln angles of sweepback of L5°, 309,
and (°, For all the wings tested the chordwise dimension
of thé wing measured perpendicular to the leading edge
was 10 inches. Most of the tests were made on wings
having & span of 50 inches. A few tests of the 0° and 45°
swept-back wings were made with spans of 140.92 and
58 inches, resvectively, each model having an aspect
ratio of l..13. The aspect ratio of the wings varled with
sach angle of sweepback. (S8ee fig. 1.) )

The right wing of eagh model was equipped with a
plairn 0.20¢ chord aileron, which had a span equal to one-
half the semispan of the wing. With a change 'in angle
of swsepback the alleron and wing were cut in such a way
that the span of the alleron remsined equal .to one-half
the semispan of the wing. The hinge line of—the-aileron _
was pardallel to the leadling edge of the wing.  The gap ’
between the aileron and wing was sealed uith nlasteoine.

”he split flap tested on the model was made of .

L -
zg—inoh sheet steel. The flap had dcha%d equal to 0 ZOc

|

and &’ Span-equal to one- half the span of the wing. The
flap @xtended acrdss the center ssction of the model, with
the flap hinge line parallel to the leading edge.

Spollers, also made of i%—inch sheet stesl, were

tested on the model. The spoller was mounted fafward'ef
the allseron at the 0.70c position .on the right wing and
extended from the inboard end of the aileron to the wing
tip.

For most of the tests the tips of the wings were . .

tips of revolutlion, but drooped tips were also tested on
the 45° eweptiback wing. Drooped tips increased the span
of the wing to 58 inches. (Seé Figs. 1 and 2(a).)

The model was méunted on-the. three-strut support and
becauss the angle-of-attack sting for angles of sweepbuck
of 300, [;5°, and 60° was long, a cross bar was reduired
to furnish additional rigidity to the model. (See
figs. 2(a) and 2(b) )
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411 the tests were run at a dynamic-pressure of
39.7 pounds per sguare foot. This value corresponds to
a Mach number of about O. 165 The -Reynolds number varied
from sbout 990,000 to about 1,980,000 because the chord
of the wing, measured parallel to the axis of symmetry, ——
was a8 function of sweep. . : =

FPor each of the smept back wings, tests were made
at 0° and *5° yaw. For each of these yaw angles the
uncorrected angle of attack was varied from -8° to 26°
in 2% increments. For each angle of sweepback, tests
were also made at 0° and 10° angle of attack for varying
vew angles. The angles of yaw for these tests wers 00
*+106,. £20, 50, :thQ £159, 1209, and +259. '1. —

The alleron tests were made with angles of 00 and -
t150 deflection for each sweepback’ angle. The spllt flap
tested was set at a deflection of 60 In each case the
angles of Geflection wers measured 1n a plane perpendicular
to the leading edge of the wing.

Although .the spoller height 1n inches was constant
for most of._the tests, the spoiler height in fraction of
chord was not constant For .Q° swesp the spoiler deflec-
.tion was 0.10c, for the 30° swept-back Wing the spoiler
defléction was 0.087c, for the ESO swept-back wing the
spoiler .deflections tested were 0.035¢ dnd 0.071lc, and
for the 60° swept back wing the spoiler deflection was
0. 0250. N - e

'CORRECTIQNS

.. _A sthtic calibration of: the model setup was made and
the -gngular deflections of the model due to pitching loads
; werse, determined. The data weré cofrected for the changes
in angle of attack caused" by pltching momenfs. HNo tares
were taken for the suppoft struts, angle-of-attack sting,
and-eposg _bar. . _ _

: -Since no systematic tunnel corrections “for swepb-
~bagk wings ‘have been investigated, approximate correc- |
tions: for tunnel-wall’ effect were applied to the drag and
rolling-monent. coefficients and to the. angle of attack.
The following approximate corrections were applied-
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- s S | '
._A‘_
- S - . : :
aa = 57.3 5w CLt S, N
86, = KOy : T T
where | : : N
Bw ‘‘the bdundary correction factor obtained from .
reference 5 i _ LT =
s . wing argg"
C tunnel cross-sectional area, 36 square feet  _  _ —
CL, . . uncorrected lift coefficient
CLt uncorrected rolling-moment coefficlent
K a correction factor from .reference 6 correctéd

" for application to these tests by taking 1into r
account the changes of model and tunnel size L

The following_table gives values of the correction
factors used for éach of the swept- back wLngSo [

A S

(deg) A (3q £t) v § ‘

o h.13 5.82 0.1l 0.02

E.oa 5.&3 .15 .02

zo cL.36 3.8 P 2 4154 .02

' 3.56 87 i .154- .03

R T &, T 5.66 2163 .03

L5 (drocped tip) - o2 5.81 16 : .03

6C 4t 2.52. 6.89 ° S G54 . L .03 X
No corrections were applied to’the—data to take into ' s

account the tunnel-wall effect on the model at large yaw
angles waen the wing tips were very close to thée tunnel
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wall, . The curves on the figures are shown dashed for
that range of yaw angle for which the data. probably were
most seriously. affected by wall 1nterference.

L . DISCUSSTION :

. The basic data obtained from tnese tests are presented
in ﬂigures 3 to 35.and an index of these-flgures 1s glven
in-table I.. Spme results are summarized and compared with
theoretical-results in figures 36 to Lz. - A comparison of The -
data . of figures 3.to 35: indicates many differences'between the T
characteristics of a wing with no sweepback and wings with
largs amounte of sweepback These d_fferences are -
partlcu;arly noticeable .for the variation of 116, pitching
moment, and rolling moment W1th.angle of attack.--

~Plain wings.~ The decrease 1In the slope of the 1ift
curve with sweepback and aspéct ratic is shown in
figure ‘36 with an estimated curve. -

i ] liI o

_. The maximum 1ift coefficient: of the wincs without
flaps was approximately independent ‘@f .the. angle of
sweepback, but the angle of. attack. ab meximum 1ift varied
nearly inversely as the cosine of the angle of sweepback

The shape of the curves q1 lift and pitching'moment
of the highly swept- hack wings. ae a function of angie of
attack are decidedly.nonlinear Lfigs. 3{(a), 10(a),
and 1%(a)). The wing with, 60O sweephack at. about Cr,=0.3

and the wing with hSo sweepback at about Cy, = O 75 show
an incresase in.the..slope- of -the.lift curve~and a diving
tendency,  indlcated by -the sudden’ changein-siope "¢f the
pltching-momeént:.ecurvey These'.chiractéristics indicate =
an lncreasé.in-load at the. . tipsy.-possibly scconpinied by

a rearward shift:6f -the denter of 'pressuréiat each section.
Tuft observation'at this attitude .indicdtes the "air flow
to be rough. and-nearly paralliel to .the wing leadirg edge
near the root and center parts of the wing. At higher
angles of ‘dttack ‘the expected-tip-stalling tendsney ‘of
swept-back wings was encountered; this tendency is.indi« .
catediby the rounding of- thexlift curve, by the urstable
slopeiof the :pitching-moment curve,~and.by large 1ncreases
in drag. The longltudinal-force coefficient near . Clmax

is.at Ieast ' 5.times .as great for the wing with 809" sweep-
back as. for. the unswept wing (figs. 3(b) and 27(b)). The



— s e -

——

10 NACA TN No. -10hL6

increased chord of. the drooped tips on the wing with
45° sweepback had no appreciable effect on the unstuble
pltching-moment. slepe caused by tip stalling (fig. 11(a)).

Data from tests at about.the same Reynolds number .’
and Mach number (0.1) in the—Langley 300 PH 7- by 1l0-foot
tunnel of a semispan model of a 60° swept=back, tapered
wing hgve shown qualitatively these same 1ift and pitchinb
moment characteristics. The wings with 0° and 30° sweep-
back d&d not show the unusual effects encountered with
wings-af 1,50 and 60° sweepback. The 300 swept-back wing,
however, dld have a diving tendency just before the stall
(fig. 20(&)) The value of (i at which irregularities
occur 15 a.linear function of sweenback, as are the values
of Cx ~&t.which tIp stalling 1s indicated by the abrupt
positive change in the slope of the pitUhing—moment curve
(fig. Li3). _ i |

The adverse effects on- 1ongitudinal-stability of
rlain wings causeq by ‘large amounts of sweepback are
shown 'by the curves of aerodynamic¢ center ds a function
of 1ift coefflcient (fig. 37). The curves for the [5°
snd 6C° swept-back wings-indicate that further investi~
gation is necessary in order ‘to find ways of .reduging .
the - 1arge neutral point shifts shown by thege, data. .. .

The 1ift of the unswept wings decreased markedly
when yéwed, but as thé angle of sweepback was Incresassed
the 1ift remained more nearly constant.as the wing was
yawed. “For the. §0° swept-back wing the 1lift was _nearly
independent of angle of yaw (fig 5(a)) o

. = -

The rolling moment of the swept back wings when
vawed lncreased nearly linearly with 1ift cocefficlent in
the directlon.tq,rsise.the-forward wing until the critical
1ift coefficients were:reached. The forward wing appar-
ently stalled. firet when .yawed::at high 1ift’ coefficlents,

' &s "indicated by . the decrease "1n.the rolling moment that

terided ﬁo raise the erward wing. (Eor examnle fig 3(0) ).

The rate of change,of rolling-momeﬂt coefficicnt
with angle qf.. yaw . Gy, was-small and nearly the saite at
zerp "Lift coeéfficient for 'gll wings tested (fig. 38). The
vaIue of GZ$’ however increaged at a: different rate with

11ft coefficient for esch wihg tested. All the swept-back
wings thh flaps neutral reached a maximum value of CLW

of about 0.00L,-which’ value in teims of a conventional

Th v —n- e
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unswept wing of «gspect ratlio 6 corresponds to about 20°
effective dihedral. The rates of change of Czy with

1ift coefficient measured at small 1ift coefficients
(from the curves of fig. 38) are plotted against angle of
sweepback in flgurs 59 with an estbnated curve. -

The value of bCz /ECL for- the unswept wing (O 001)
probably can. bessttributed to the effécts of the nearly
blunt tip shapes (reference 7). Of the total value of
bsz/écL for the¢ swept-back wings, pousibly

A(éCZv/bCL) =-0.0017 may be aptf;buted £o. the effects of
tip shape. . : ,g ,w\:'ﬂ” ' ;

B

i

The drooped tips tested on the" z5° sWent batk wing
acted somewhat as .a low-aspect-ratio surface with negative

dihedral and thereby reduced the values of Cpy Dby about

0.0006 at Cp, 2 0.1 and by about 0.001L at™ Cp = 0.7
(for drooped tip 2). (See fig. 12(c).). The unfavorable
lateral-stability charactérigtics of winga with large
sweepback can-be reduced hy the use,of &, drooped tip -
bescause the drooped tip decreased sz ‘in propartiqn to

an incresse In Crg,.

-

The side. force -and yawtns moments change rapidly and
irregularly when the wing is yawed at 1{ft -cqefficients’
greater than the critical values when the diving moment -
occurs. At small 1ift coefficients the directional sta-
bility an- iy small hut, faVOrable,-except Tor the..

60° swept-back wing at nggative CL, 'and 1ncreases as
some power greater tnan the- flPBu .power of . the absolute_
value of the lift coeffiqient-'this increase Indicates
that the yawing ‘moment.; 1g caused.mginly .by: the diffetrences
in drag’ of the two . sides of the wlng when. yawed. The
drooped tips increased the divectiomal: stabllity of the -
wing with 4359 . sweepback at small: lift coefficients but
had no apnreciable ‘effect at 1arge 1ifrt coefficients

(fig. 12(c)).

' Ailerons, The effectiveneas of & halfispan 0 20c¢
aileron on edc¢h of the varilous wings tested 'is indilcated
in figure LO by ‘the slopes. measured_between 1150 aileron
deflection for .Cp, = 0.2. Similar variations can be
expected_up to & 1lift coefficient of O, .5. The marked
decrease in aileron effectiveness with sweepback combined
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wlth the marked increase in_ CZ¢ Indlicates that with

highly swept-back wings the aillerons cannot trim out the
rolling moment caused by large angles of yaw. For exambple,
these data indicate that 30° total ailleron angle would be
capable of trimming only 20, 69, 99, and %2° angle of ‘yaw
for the 60°, 1;5°, 30°, and 00 swept-back wings, respec-
tively, at the 1irt coefficients corresponding to maximum
Cy with flaps neutral (fig. 38). The curves of

figures 5(c), 15(c),. 22(c), and 29(c) show that as the
angle of sweepback 1s increased, the alleron on the rear-
ward wing when yawed becomes progressively less effective
in producing rolling moment and the aileron 6n the forward
wing becomes more effective. For the 45° and 60° swept-
back wings the aileron on the rearward wing when yawed
becomes: relatively ineftective. Upward deflection of the
alleron on either wing appreciably reduces the slope 'Chy'

-Because Crq and CZG decrease with increases in

sweep the damping. in roll could also be expected-to.
decresase. The ailerons therefore may be capable of pro-
ducing. satisfacuory rates of. roll on highly swept back
wings, . -

The small change in pltching moment caused by alleron
deflection indicates that wing-tlp elevators having swept=
back hinge lines would be relatively ineffective on highly
swept-back: Wings..

3 oilers.h The effectiveness, in producing rolling
momen=, Of nearly half-span spoilers located at 0.7c¢ on-
the upper surface of the wing 1s summarized in filgure L1,
For:! the -wing with an angle of sweepback of 60°, the
0.025¢. sPOiler produced rolling moment in the wrong
direction. The ineffectiveness of the spoiler on the
swept-back wings in producing rolling moment is probably
assoclated with a-vepy thick boundary layer near the tip
of the highly swept back wings compared . with that of—the
unswepdb : wing

The spoiler produced ‘characteristics simil&r to
those of the aileron with regard to the .vartiation of ., -
effectiveness with yaw; ‘that is, the spoiler on the highly
swept~back wings was totally ineffective on the regrward
wing but.more effective than at—zero yaw when on the for-
ward wing. - ..
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The..rather large and favarable- 'yawing moments pro-
duced by spoller- deflection suggest:the use of a spoller
as a directional eontrol..dsvicde. Rolling moments can be
produced by-* spoiler action indirectly by causing favorable
sideslip. : - ce

Split flaps.— The effectiveness of half-span

0.20c split flaps deflected 600 in changing the 11t at
0° angle of attack and in producing an increment in
maximim 1ift is indicated in Figure ;2. The estimated
curves (dashed curves of fig. L2) show that the flap is
producing about all the increment in Gy, at 0° angle of
attack that can be expectedg ‘Thé flap produced no incre-
ment in COr,,, for the wing with 60° sweepback. TIn fact,

the flap may even produce a decrease in Clmax not indi-

cated by the data obtained., Maximum 1lift of the 60° swept-
back wing without flap was not obtained because of limita-
tions of the apparatus. The value of (1, at moderate
angles of attack was, howeverz abpreciably increased by
deflection of the split flaps.

For the swept-back wings, deflegtion of the’ flap did
not appreciably change the value cf Chy at small values

of Cr, but at high values of Cr, - the value of Ciy was

changed considerably. At large vaiues of Cr, the one'

‘value obtained with flap. deflected and the wing at’ approxi—
metely 110 angle of attack jindicated values of CLW '

of. 0.00L6 for the . 300 and 0. 0055 for the ASO and the
60° swept-back . wings (fig 38). .

- <EA

On the wings-with z2Q0, ASO, ard 60° sweepback-the
split flap tested was nearly self trimming in pitch. The
slopes of  the pltching-moment curve throughout the 1lift
range were not appreciably altered.by deflection of the
split. flap.:.

Estimated characteristics.- The simple concepts
suggested in reference 1 have. been used to estimate
.certaln characteristics.of tHe swept~-back wings from the
measured characteristics of the unswept wing. These
concepts involve the assumptlon that changes in sweep-
back angle, obtained by pivoting the semispan of a gilven
wing about an gxis in the plane of symmetry, affect the
loading over each semispan ohly insofar as sweep affects
the components of veloclty normal to the leading edge and
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the #niles of attack of these velocity components with -
respect to the plunes of thé wing senilspans. When the
wings are swept.back in -the manner indlcated {that 1ls,
the aréas of the wing panels-and the span measursed parallel D
to the leading.edge are maintained constant), the following
chardotaristics are indicated: i
Ct,. = (?L ) - cos A h;h‘
“ “ 'A’:O - - - : - T -
. ('Ciﬁd = (?zﬁa) . cos2 A ' - o,
B !l:O' o .—" " . X - . . -
end for h-giVGn?spiif flap or_spéilerxéef}gctiop o . -
ACT = (AC ) cos2 A X . . :
CVINT AP a=g S O
. A _. ’ .
ACy = (aC cos® A - _ - -
SR (rZ>A;O R s =
e e L o AR et - i . éf:
The areas-of the wings used ia the vresent invésti- = .
gatlon were inereased.by extending.the wing tips in order )
“bo nredntain coristant 3pan as: Lhe angzle of sweepback was S
increassd. Tn order to dpply the concepts of reference 1
con51auﬁnuly, therefore, It -seems reasdnahle .tg. correct
the dzta for the unswept wing tested ‘to the dspectratio _ T
of unswent wings having the same wing-panel plan form s&s __ . . _-~ . _
the swept-back wings) as well a§ to- correct for the . : .
effectis. of swzep on ‘wings oﬂ.constant wing-paridl, plan
form. = 0On this basis,: the '£61lpowing sgquations may be
written (the planes® in- which- tﬁe variables are measured
being taken into account) _ S . T
N ;_u;;;d4.:&zr~9- :

o = o) '; e

T Glag = (Z ) AR setd
, _ .,_.-.--- ---"T 58«\ ) éa _[ v—O . LE NN P

Sin
PR

L " PR R el
R P 14 . N

R S

I
H .
[ I
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and for .a giveg;split.flep or., spoiler deflection

b3 '-. 3 l P . ~ . . ! ‘.,.f'.___.
a0 = (ACL>A W coszi‘
.. . _1._-‘.-_1‘ ‘ ’_I~':_'-.-i'1 _
LGy = (AC n! cose A ¥ oosid e
N =a o |
in which the factéfs ‘i &nd m' sa¥e defifed as folloWws:
. t ] . . . N é.:':" d .. : _-; ?-'. L .
o Bea v 2y,
S P S ot 0
. . . l’ . ,.-- _,.. ) . - . - A . -
. Ik A S : (m> . ta
S TV T
N Y T 1 = ™ ? L‘-oi <
> 1!] —_— " rr :
! fia-;;‘<h{'Aﬂ- N AT T 1
. . AT o« -
In the foregoing factors:tne g:. suhscript O refers to g
unswept wings having ‘the same; wingppanel shape as the ' '\

swept-back wings, and the. subscript A = 0 refers to the \-
wing tested with zero sweepback. The factors Ee

'Iand ﬁ e ’ %he dffective edge—velobity edrrection
fagtors, £or angle—of—attack loadlng ‘and far rplling moment
resggctively (See re?erence L.y Paiaaea st el 'T
N . N . -..:;-‘-_ oot 2urks -She

o ouet Mher sabimated characteristics are 1ndi¢sted‘by the
dashed curves of figures -3&, 40,11, -and 42, --Inspection

of figures 36, L0, and L2 shows thati.the experimentel -

data for the slope of the 1ift curve ClLg> the aileron

effectlveness Czﬁ dnd the snlit flap efrectiveness
(ACT,) q=0 Were slightly Tower than the estimated curves.

_This variation indicates that the velocity component
ccncépt uﬁderestimates the effects of sweep dn these

et
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characteristics. The increment of—rolling moment caused’
by spoiler deflection (fig. lj1) decreased much faster
wlth sweep than the estimated curve. This varlation 1ls
probably asttributable to the fact that the boundary layer
is carried toward the tip as the sweepback is increased
and &lsc to the decrease in effectlve spoller deflection
with sweepback. .

By means of the previously discussed concepts, Betz
(reference 1) derived an expression for the rolling-moment
coefflclent caused by sideslip as affected by sweep. 1In
Betz's anslysis, however, the type of sweep consldersd
was one in which the leading edge of the swept wing was
maintained in a horizontal plane regardless of the angle
of attack of the wing.  This type of sweep represents a
condition in which the -angle between the planes of the
left and right semispan wings (dihedral angle) varies
with angle of attack and does -not apply therefore to the
configurations of the wings considered in the present
investigation (that is, wings swept in a manner such that
the angle betwden the planes of the right and left semispan
wings 18 malintained at 1809 or zero dihedral, regardless
of the angle of attack). . An eguation, based_on the same
simplified assumptions made by Betz (reference 1), hus
been derived to mpply.tor.the wings. (swept in the manner
just discussed) of the present'investigation. This equa-
tion, which gZives values'of CZW equal to one-half those

obtalined by Betz, 1s “as follows-
Crly = =5 — ta;,A_’n

The. dashed curve of:figure 59 was obtalned by addlng
to the.value of 80y 5C7, caused by sweep, as determined
by the relationship Jjust glven, the experimental value .
of GCLV oCT, A=0" The—agreement between the experimental

and estimated curves is good but may be Ffortultous because
of the assumptions made in the derlvation of:. the-theo-
retical relationship. .

CONCLUSIONS

Results of tests in the Langley stabllity tunnel af
untapered constant-span wings having angles of sweepback

.

Coral
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- 0f-0°, 309, 459, and 60° indlcated the following effects
"ol sweeDback.on 8tability and control characterlstics-

l. Large changes in longitudinal stabillty ocourred
at modebrately large 1ift coefficients for the wings with
45 and 60° sweepback.

2. The rate of change of rolling-moment coefficient
Wwith angle of yaw. increased with 1ift coefficient &and’
nearly as the tangent of the angle of sweepback. All the
swept-back wings with flaps neutral reached a maximum
value of rate of change of rolling-moment coefficient
with angle of yaw of about 0.004. With flaps deflected
rate of change of rolling-moment coefficient with angls
of yaw increased to about 0.0055 at some 1lift coefficlent.

3. Drooping the wing tips decressed the rate aof

change of rolling-moment .coefficient with angle of yaw;““";—

and the reduction increased with increase in 1if't coef-
ficient. Drooping the tips avpeared to be a promising
means of reducing the unfavorable lateral-stability char-
acteristics of wings'with large sweepback.

Li. Aileron effectiveness as measured by the slope

of the curve of rolling-moment coefficient plotted against

aileron angle decreased with angle of sweepback about as
much as would be sxpected from simnle theoretical con-
siderations. This fact combined with the large increase
in laterasl stebility with sweepback indicated that, with

highly swept-back wings, the aileron cannot trim out'the o

rolling moment caused by large angles of yaw.

5. The small change in pitching moment caused by
aileron deflectlion indicated that wing-tlp elevators

" having swept-back hinge lines would be relatively ineffec—

tive on highly swept-back wings. - TN

6. The maximum 1ift coefficient of the wings without
flaps was approximately independent of the angle of sweep-
back, but the angle of attack et maximum 1lift varled '
nearly inversely as the cosine of the angle of 3weepback.

7. The split-flap effectiveness at 0° angle of "attack

decreased with sweepback. The increment of maximum lift
coefficlent with flaps deflected decreased with increase
" in sweepback and the maximum 1ift coefficient for the
60° swept-back wing may be less than that with flap .
neutral.

i
s
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8. Spoiler effectiveness in broducling rolling moments
decreased with -sweepback much.faster than would be indi-
cated by the simple theory. The large and favorable
yawing moments produced by the spoiler indicated that
spollers may be of some use in ‘directional control.

Langley Memorial Aeronsutical Lébofatofy
Netional Advisory Committes for Aeronautics
. lengley Field, Va., March 26, 1946
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TABLE I - INDEX OF FIGURES

Angle of Aspect
Pigure sweezback, raZio Model configuration Dazzagigzted
(deg)

— 60 2.52 Plain wing a
a 60 2.52 Wing + alleron a
5 60 2.52 Wing + aileron i
6 60 2.52 Wing + spoller a
E 60 2.52 Wing + spoller W
60 2.52 | Wing + split flap a
9 60 1 2.52 | wing + split flap U
10 L5 .13 Plain wing a
11 L5 ;.02 |Wing + drooped tips a
12 L5 },.02 |Wing + drooped tips \
! L5 3.56 Plain wing a
li L5 3 .56 Wing + aileron a
15 L5 3 .56 Wing + ailleron W
16 L5 %3.,56 | Wwing + spoiler a
1 L5 3.56 Wing + spoiler v
1 L5 2,56 | Wing + split flap a
19 I5 .56 | Wing + split flap ¥
w20 30 3.36 Plain wing a
21 30 L.36 Wing + alileron a
22 30 .36 Wing + alleron ¥
2 30 Li.3%6 Wing + spoller a
23 30 LL.%6 Wing + spoiler N
25 30 L.36 | wing + split flap a
26 30 lL.36 | wWing + split flap N
A 0 5.03% Plain wing a
2 0 5.03 Wing + alleron a
29 0 5.03% Wing + esileron \
30 0] 5.03 jWling + gspoller a
31 0 5.0% "Wing + spoiller W
32 0 5.03 Wing + split flap a
3 0 .03 Wing + split flap Wy
Al 0 .13 Flain-wing a
35 0 Lh.13 Plain wing v

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA TN No. 1046 - - ...~ -Fig. 1

A A b é i Sporler Spon
(deg) - bn) (n) () (1r2)
o 443 4092 988 248 |—————o
» v 0 Ja3 S0.00 889 249 V2R
30 { 43¢ K177 /145 10as 7%y
. Wdooped T 4oz | ss /.3 /832 |—— - __
. 45 . 356 000 /4.02 | /(594 SOS
45 413 SB.oo (a0 | 1794 —
. 60 252 w0 /9.82 2645 708

I'd
azu akrany Section A-A
N=0" B . o S NA=O"
. -4 | K—TM,& dawr
SN SR W
| a2 3 7igp— L0z anbray o
50, - . e

NATIONAL ADVISORY
COMMITTEE FOR ASAONAUTICS

Agure [-Flan 1orms & Sweorgeck  wings. . L T



(a)

.,

Anagle -of - -
-Naf oK STg |

5
R
i
]

Downstream view of 45° swept-back wing with drooped tip.

Figure 2.- Swept-back wings mounted on three-strut support‘s in the

)

Langley stability tunnel.
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Upstream view of 60° swept-back wing with split flaps.
Figure 2.- Concluded.
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